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(57) ABSTRACT 

A tip turbine engine (10) provides ?rst and second turbines 
(32) rotatably driven by a combustor (30) generating a high 
energy gas stream. The ?rst turbine (32) is mounted at an 
outer periphery of a ?rst fan (2411), such that the ?rst fan is 
rotatably driven by the ?rst turbine (32a). The second turbine 
(32b) is mounted at an outer periphery of a second fan (24b), 
and is rotatably driven by the high-energy gas stream. In one 
embodiment, the ?rst turbine (32a) rotatably drives a plural 
ity of stages of ?rst compressor blades (54) in an axial com 
pressor (22) in a ?rst rotational direction, While the second 
turbine (32b) rotatably drives a plurality of stages of second 
compressor blades (52) in the axial compressor (22) in a 
second rotational direction opposite the ?rst. By rotatably 
driving alternating stages of compressor blades in opposite 
directions, the ef?ciency of the axial compressor (22) is 
increased and/ or the number of stages of compressor blades 
can be reduced. Other variations are described in additional 
embodiments. 
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TIP TURBINE ENGINE WITH MULTIPLE 
FAN AND TURBINE STAGES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a turbine engine, 
and more particularly to a tip turbine engine With multiple fan 
stages and/or multiple tip turbine stages. 
[0002] An aircraft gas turbine engine of the conventional 
turbofan type generally includes a forward bypass fan, a loW 
pressure compressor, a high pressure compressor, a combus 
tor, a high pressure turbine, and a loW pressure turbine, all 
located along a common longitudinal axis. The loW and high 
pressure compressors are rotatably driven to compress enter 
ing air to a relatively high pressure. This high pressure air is 
then mixed With fuel in the combustor, Where it is ignited to 
form a high energy gas stream. This gas stream ?oWs axially 
aft to rotatably drive the high pressure turbine, Which rotat 
ably drives the high pressure compressor via a high spool 
shaft. The gas stream leaving the high pressure turbine is 
expanded through the loW pressure turbine, Which rotatably 
drives the forWard bypass fan and loW pressure compressor 
via a loW spool shaft. 
[0003] Although highly e?icient, conventional turbofan 
engines operate in an axial ?oW relationship. The axial ?oW 
relationship results in a relatively complicated elongated 
engine structure of considerable longitudinal length relative 
to the engine diameter. This elongated shape may complicate 
or prevent packaging of the engine into particular applica 
tions. 
[0004] A recent development in gas turbine engines is the 
tip turbine engine. Tip turbine engines include holloW fan 
blades that receive core air?oW therethrough such that the 
holloW fan blades operate as centrifugal compressors. Com 
pressed core air?oW from the holloW fan blades is mixed With 
fuel in an annular combustor, Where it is ignited to form a high 
energy gas stream Which drives the turbine that is integrated 
onto the tips of the holloW bypass fan blades for rotation 
thereWith as generally disclosed in US. Patent Application 
Publication Nos.: 20030192303; 20030192304; and 
20040025490. The tip turbine engine provides a thrust-to 
Weight ratio equivalent to or greater than conventional turbo 
fan engines of the same class, but Within a package of signi? 
cantly shorter length. 
[0005] In some tip turbine engine designs, core air?oW may 
be compressed by an axial compressor before entering the 
holloW fan blades for further, centrifugal compression. The 
axial compressor may include an axial compressor rotor With 
one or more stages of radially-extending compressor blades 
alternated With stages of static compressor vanes. Increasing 
the number of stages of compressor blades and compressor 
vanes increases the compression of the core air?oW and the 
ef?ciency of the engine, but increases the overall length and 
Weight of the engine and the number of parts. 

SUMMARY OF THE INVENTION 

[0006] A tip turbine engine according to a ?rst embodiment 
of the present invention provides ?rst and second turbines 
rotatably driven in opposite directions by a combustor gener 
ating a high-energy gas stream. The ?rst turbine is mounted at 
an outer periphery of a ?rst fan, such that the ?rst fan is 
rotatably driven in a ?rst rotational direction by the ?rst 
turbine When the ?rst turbine is driven in the ?rst rotational 
direction by the high-energy gas stream. The second turbine is 
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mounted at an outerperiphery of a second fan, and is rotatably 
driven in a second rotational direction opposite the ?rst rota 
tional direction by the high-energy gas stream, such that the 
second turbine then rotatably drives the second fan in the 
second rotational direction opposite the ?rst rotational direc 
tion. 
[0007] The ?rst turbine rotatably drives a plurality of stages 
of ?rst compressor blades in an axial compressor, While the 
second turbine rotatably drives a plurality of stages of second 
compressor blades in the axial compressor. In one embodi 
ment, the compression of the axial compressor is increased by 
rotatably driving alternating stages of compressor blades in 
opposite directions. As a result, it may be possible to reduce 
the number of stages of axial compressor blades. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Other advantages of the present invention can be 
understood by reference to the folloWing detailed description 
When considered in connection With the accompanying draW 
ings Wherein: 
[0009] FIG. 1 is a partial sectional perspective vieW of a tip 
turbine engine according to a ?rst embodiment of the present 
invention. 
[0010] FIG. 2 is a schematic vieW shoWing the operation 
and interaction of the multiple fan stages, turbine stages and 
the axial compressor rotors. 
[0011] FIG. 3 illustrates the relationship of the angles of the 
last stage of compressor blades and the inducer sections in the 
counter-rotating axial compressor rotor of FIG. 1. 
[0012] FIG. 4 illustrates a tip turbine engine according to 
second embodiment of the present invention. 
[0013] FIG. 5 illustrates a tip turbine engine according to 
third embodiment of the present invention. 
[0014] FIG. 6 illustrates a tip turbine engine according to 
fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] FIG. 1 illustrates a partial sectional vieW of a tip 
turbine engine (TTE) type gas turbine engine 10 taken along 
engine centerline A. The engine 10 includes an outer nacelle 
12, a rotationally ?xed static outer support structure 14 and a 
rotationally ?xed static inner support structure 16. A plurality 
of fan inlet guide vanes 18 are mounted betWeen the static 
outer support structure 14 and the static inner support struc 
ture 16. Each inlet guide vane preferably includes a variable 
trailing edge 18a. An axial compressor 22 is preferably 
located along the engine centerline A and receives core air 
How. 
[0016] A plurality (tWo in the embodiment shoWn) of fan 
turbine rotor assemblies 2411-19 are mounted for rotation about 
the engine centerline A aft of the axial compressor 22. The 
?rst fan-turbine rotor assembly 24a includes a plurality of 
holloW fan blades 28 extending radially outWardly to provide 
internal, centrifugal compression of the compressed core air 
?oW from the axial compressor 22 for distribution to an annu 
lar combustor 30 located Within the rotationally ?xed static 
outer support structure 14. The second fan-turbine rotor 
assembly 24b is axially aft of the ?rst fan-turbine rotor assem 
bly 24a and includes a plurality of fan blades 31 extending 
radially outWardly. 
[0017] First and second turbines 3211-19 are mounted to 
outer ends of the fan blades 28, 31 of the fan-turbine rotor 
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assemblies 24a-b, respectively. Each turbine 32a-b includes a 
plurality of tip turbine blades 34 (two stages shown in each 
turbine 32a-b) Which rotatably drive the fan-turbine rotor 
assemblies 24a-b relative a plurality of tip turbine stators 36 
Which extend radially inWardly from the rotationally ?xed 
static outer support structure 14. The annular combustor 30 is 
disposed axially forWard of the ?rst turbine 32a and second 
turbine 32b. The ?rst turbine 32a is oriented to be driven 
rotatably by the high-pressure gas stream exiting the annular 
combustor 30 in a ?rst rotational direction, While the second 
turbine 32b is driven by the high-pressure gas stream in a 
second rotational direction opposite the ?rst rotational direc 
tion. The ?rst fan-turbine rotor assembly 2411 is oriented to 
provide forWard thrust to the engine 10 When driven by the 
?rst turbine 32a in the ?rst rotational direction. The second 
fan-turbine rotor assembly 24b is oriented to provide forward 
thrust to the engine 10 When driven by the second turbine 32b 
in the second rotational direction. 

[0018] The rotationally ?xed static inner support structure 
16 includes a splitter 40, a static inner support housing 42 and 
a static outer support housing 44 located coaxial to said 
engine centerline A. 
[0019] The axial compressor 22 includes an inner compres 
sor rotor 46, from Which a plurality of inner compressor 
blades 52 extend radially outWardly, and an outer compressor 
rotor 50, rotatably mounted Within the splitter 40. A plurality 
of stages of outer compressor blades 54 extend radially 
inWardly from the outer compressor rotor 50 betWeen stages 
of the inner compressor blades 52. The inner compressor 
blades 52 and outer compressor blades 54 are arranged cir 
cumferentially about the inner compressor rotor 46 in stages. 
Although three stages of inner compressor blades 52 and tWo 
stages of outer compressor blades 54 are shoWn in this 
example, more or feWer stages could also be utiliZed and it is 
contemplated that feWer stages could be utiliZed because of 
the increased compression created by the counter-rotating 
inner and outer compressor blades 52, 54. The inner compres 
sor rotor 46 is mounted for rotation upon the static inner 
support housing 42 through a forWard bearing assembly 68 
and an aft bearing assembly 62. 
[0020] The ?rst fan-turbine rotor assembly 2411 includes a 
?rst fan hub 6411 that supports the plurality of the holloW fan 
blades 28. Each fan blade 28 includes an inducer section 66, 
a holloW fan blade section 72 and a diffuser section 74. The 
inducer section 66 receives air?oW from the axial compressor 
22 in a direction generally parallel to the engine centerline A 
and turns the air?oW from an axial air?oW direction toWard a 
radial air?oW direction. The air?oW is radially communicated 
through a core air?oW passage 80 Which acts as a compressor 
chamber Within the holloW fan blade section 72 Where the 
air?oW is centrifugally compressed. The diffuser section 74 
receives the air?oW from the core air?oW passage 80, and then 
diffuses the air?oW and turns it once again toWard an axial 
air?oW direction toWard the annular combustor 30. Prefer 
ably, the air?oW is diffused axially forWard in the engine 10, 
hoWever, the air?oW may alternatively be communicated in 
another direction. 
[0021] The second fan-turbine rotor assembly 24b includes 
a second fan hub 64b that supports the plurality of fan blades 
31. These fan blades 31 are not acting as centrifugal compres 
sors like the holloW fan blades 28 in the ?rst fan-turbine rotor 
assembly 24a. The angle of the fan blades 31 on the second 
fan-turbine rotor assembly 24b is matched With the fan blades 
28 on the ?rst fan-turbine rotor assembly 24a. Alternatively, 
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static vanes (not shoWn) may be mounted betWeen the fan 
blades 28 and the fan blades 31. 

[0022] The ?rst fan-turbine rotor assembly 24a is secured 
to the outer compressor rotor 50, such that the outer compres 
sor rotor 50 rotates With the ?rst fan-turbine rotor assembly 
24a. The second fan-turbine rotor assembly 24b is coupled to 
the inner compressor rotor 46, such that the inner compressor 
rotor 46 rotates With the second fan-turbine rotor assembly 
24b. The inner compressor rotor 46 may optionally be 
coupled to the second fan-turbine rotor assembly 24b via 
coupling 76 (shoWn schematically in phantom) and a gearbox 
assembly 90 Which increases the rate of rotation of the inner 
compressor rotor 46 over the rate of the second fan-turbine 
rotor assembly 24b, such as at a ratio of 3.34. 

[0023] The optional gearbox assembly 90 may be a plan 
etary gearset including a sun gear 92 coupled to the inner 
compressor rotor 46 and a planet carrier 94 coupled to the 
second fan-turbine rotor assembly 24b. A plurality of planet 
gears 93 (one shoWn) are mounted to the planet carrier 94. 
The planet gears 93 engage the sun gear 92 and a ring gear 95. 
Rotating the inner compressor rotor 46 at a rate higher than 
that of the second fan-turbine rotor assembly 24b increases 
the compression provided by the axial compressor 22. Alter 
natively, the gearbox assembly 90 could provide a speed 
decrease betWeen the second fan-turbine rotor assembly 24b 
and the inner compressor rotor 46. 

[0024] FIG. 2 schematically illustrates the operation and 
interaction of the fan-turbine rotor assemblies 2411 -b, turbines 
32a-b, and the inner and outer compressor blades 52, 54. As 
shoWn, the fan blades 28 of the ?rst fan-turbine rotor assem 
bly 2411 are oriented to provide forWard thrust to the engine 10 
When driven by the ?rst turbine 32a in the ?rst rotational 
direction (to the right, in FIG. 2). The fan blades 31 of the 
second fan-turbine rotor assembly 24b are oriented to provide 
forWard thrust to the engine 10 When driven by the second 
turbine 32b in the second rotational direction (to the left, in 
FIG. 2). The ?rst fan-turbine rotor assembly 2411 is secured to 
the outer compressor rotor 50 (not shoWn in FIG. 2) and outer 
compressor blades 54, such that the outer compressor blades 
54 rotate With the ?rst fan-turbine rotor assembly 2411 in the 
?rst direction. The outer compressor blades 54 are oriented to 
axially compress core air?oW by rotating in the ?rst direction. 
The second fan-turbine rotor assembly 24b is coupled to the 
inner compressor rotor 46 (not shoWn in FIG. 2) and inner 
compressor blades 52, such that the inner compressor blades 
52 rotate With the second fan-turbine rotor assembly 24b in 
the second direction. The inner compressor blades 52 are 
oriented to axially compress core air?oW by rotating in the 
second direction. By providing alternating, counter-rotating 
inner and outer compressor blades 52, 54, rather than simply 
inner compressor blades alternated With static compressor 
vanes as in the prior art, the axial compressor 22 provides 
increased compression and/or the number of stages of inner 
and outer compressor blades 52, 54 may be reduced. In the 
embodiment shoWn, only tWo stages of outer compressor 
blades 54 are utiliZed, so that the last stage of inner compres 
sor blades 52, Which are counter-rotating relative to the ?rst 
fan-turbine rotor assembly 2411 are immediately adjacent the 
inducer sections 66 (FIG. 1), as Will be explained beloW With 
respect to FIG. 3. 

[0025] FIG. 3 illustrates the relationship of the angle of the 
inner compressor blades 52 (one shoWn) in the last stage of 
inner compressor blades 52 to the inducer sections 66 in the 
engine 10 of FIG. 1. The counter-rotation of the inner com 
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pressor blades 52 relative to the inducer sections 66 permits 
the ?nal stage of inner compressor blades 52 to be positioned 
immediately adjacent the inducer sections 66, thereby elimi 
nating an otherWise-necessary intervening stage of static 
compressor vanes. Referring to the compressor blade velocity 
triangle 112 in FIG. 3, the inner compressorblade 52 is angled 
relative to the engine centerline A, Which gives an angle of a 
relative velocity vector, vrl. The velocity of the inner com 
pressor blade 52 gives a blade velocity vector, vb]. The result 
ant vector, indicating the resultant core air?oW from the inner 
compressor blade 52, is the absolute velocity vector, va 1. The 
leading edge 114 of the inducer section 66 is angled to e?i 
ciently receive the core air?oW from the inner compressor 
blade 52, Which ?oWs toWard the inducer section 66 at the 
absolute velocity vector, val. The absolute velocity vector, 
va 1, is reproduced as absolute velocity vector, va2 in the 
inducer velocity triangle 116. Since the inducer section 66 is 
moving as shoWn by blade velocity vector vbz, the leading 
edge 114 is angled parallel to a relative velocity vector vr2, 
Which together With blade velocity vector vb2 Would result in 
absolute velocity vector, vaz, to match the angle of the core 
air?oW incoming from the inner compressor blade 52. The 
speci?c angles Will depend on a variety of factors, including 
anticipated blade velocities and the design choices made in 
the earlier stages of the inner and outer compressor blades 52, 
54. 

[0026] In operation, referring to FIGS. 1 and 2, air enters 
the axial compressor 22, Where it is compressed by the mul 
tiple stages of the inner compressor blades 52 and outer 
compressor blades 54. The compressed air from the axial 
compressor 22 enters the inducer section 66 in a direction 
generally parallel to the engine centerline A and is turned by 
the inducer section 66 radially outWardly through the core 
air?oW passage 80 of the holloW fan blades 28. The air?oW is 
further compressed centrifugally in the holloW fan blades 28 
by rotation of the holloW fan blades 28. From the core air?oW 
passage 80, the air?oW enters the diffuser section 74, Where it 
is turned and diffused axially forWard in the engine 10 into the 
annular combustor 30. The compressed core air?oW from the 
holloW fan blades 28 is mixed With fuel in the annular com 
bustor 30, Where it is ignited to form a high-energy gas 
stream. The high-energy gas stream is expanded over the 
plurality of tip turbine blades 34 mounted about the outer 
periphery of the ?rst fan-turbine rotor assembly 2411 to drive 
the ?rst fan-turbine rotor assembly 2411 in the ?rst rotational 
direction, Which in turn drives the outer compressor rotor 50 
of the axial compressor 22 in the ?rst rotational direction. The 
second fan-turbine rotor assembly 24b is rotatably driven by 
the high-energy gas stream in the second rotational direction, 
opposite the ?rst rotational direction, to drive the inner com 
pressor rotor 46 in the second rotational direction, optionally 
via the gearbox assembly 90. The counter-rotation of the 
inner compressor blades 52 and outer compressor blades 54 
increases the compression of the core air?oW by the axial 
compressor 22. 

[0027] Concurrent thereWith, the ?rst and second fan-tur 
bine rotor assemblies 24a-b discharge fan bypass air axially 
aft to merge With the core air?oW from the ?rst and second 
turbines 3211-19 in an exhaust case 106. A plurality of exit 
guide vanes 108 are located betWeen the static outer support 
housing 44 and the rotationally ?xed static outer support 
structure 14 to guide the combined air?oW out of the engine 
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10 and provide forWard thrust. An exhaust mixer 110 mixes 
the air?oW from the turbine blades 34 With the bypass air?oW 
from the fan blades 28, 31. 
[0028] FIG. 4 illustrates a tip turbine engine 10' according 
to a second embodiment of the present invention. To the 
extent not otherWise speci?ed, the components of the tip 
turbine engine 10' are similar to those in the ?rst embodiment 
and function similarly. To the extent the similar components 
of the tip turbine engine 10' are described With respect to FIG. 
4, they are designated With the same reference numerals as 
before With a prime designation added. The tip turbine engine 
10' again includes a second fan-turbine rotor assembly 24b‘ 
that is rotatable independently of the ?rst fan-turbine rotor 
assembly 2411'. In this embodiment, the ?rst fan-turbine rotor 
assembly 24a‘ drives the inner compressor rotor 46' via the 
gearbox assembly 90' and the axial compressor 22' includes a 
?xed compressor case 51. The second fan-turbine rotor 
assembly 24b‘ does not drive the axial compressor 22' as in the 
?rst embodiment, but does increase the fan pressure ratio of 
the turbine engine 10' as in the ?rst embodiment. In the 
embodiment shoWn, the second fan-turbine-rotor assembly 
24b‘ rotates in the same direction as the ?rst fan-turbine-rotor 
assembly 2411', but it could alternatively counter-rotate. 
[0029] Referring to the tWo embodiments shoWn in FIGS. 1 
and 4, in order to provide the energy required to drive the 
second fan-turbine rotor assembly 24b, 24b‘, it may be nec 
essary to increase the exit temperature of the annular com 
bustor 30, 30'. Because the second fan-turbine rotor assembly 
24b, 24b‘ does not require an airfoil thickness capable of 
containing the core air?oW passage 80, 80', the aerodynamics 
of the fan blades 31, 31' of the second fan-turbine rotor 
assembly 24b, 24b‘ can be better optimiZed. Additional 
stages, either With or Without their oWn tip turbine could be 
used to increase fan pres sure ratio even further. Although the 
second fan-turbine rotor assembly 24b, 24b‘ in both embodi 
ments rotates independently of the ?rst fan-turbine rotor 
assembly 24a, 2411', they could alternatively be mechanically 
coupled together, either directly or via a gear. As shoWn in 
FIG. 1, the ?rst fan-turbine rotor assembly 24a may be sup 
ported on bearings 119 supported on the second fan hub 64b, 
or, as shoWn in FIG. 4, a frame 29 may separately support the 
second fan-turbine rotor assembly 24b’. 
[0030] As the span and blade mass of the turbine blades 34' 
increase (in the second embodiment shoWn in FIG. 4, the 
turbine blades 34' associated With the second fan-turbine 
rotor assembly 24b‘ are longer than the turbine blades 34' 
associated With the ?rst fan-turbine rotor assembly 24a‘), it 
may be desirable to have the second fan-turbine rotor assem 
bly 24b‘ operate at a sloWer mechanical speed than the ?rst 
fan-turbine rotor assembly 2411 '. 
[0031] FIG. 5 illustrates a tip turbine engine 10" according 
to a third embodiment of the present invention. To the extent 
not otherWise speci?ed, the components of the tip turbine 
engine 10" are similar to those in the second embodiment and 
function similarly. To the extent the similar components of the 
tip turbine engine 10" are described With respect to FIG. 5, 
they are designated With the same reference numerals as 
before With a double prime designation added. The tip turbine 
engine 10" again includes a second fan-turbine rotor assem 
bly 24b" that is rotatable independently of the ?rst fan-turbine 
rotor assembly 2411". In this embodiment, a fuel injection 
system 126 is integrated into a turbine vane 128 betWeen the 
turbines 32a", 32b" to form an inter-turbine combustor 130. 
The trailing edge of the inter-turbine vane 128 may be trun 
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cated to provide localized areas compatible With stabilized 
combustion, although alternative forms of the combustor 130 
may provide the same effect. If necessary, non-vitiated air 
(i.e., a small amount of compressor bleed air routed to the 
inter-turbine combustor 130 via conduit 132) could be intro 
duced to assist combustion or provide a high pressure source 
of air for ?ame stabiliZation. Use of the inter-turbine combus 
tor 130 augments or boosts the inter-turbine stage tempera 
ture, alloWing the turbine 32b" on the second fan-turbine rotor 
assembly 24b" to have feWer stages and/ or feWer airfoils per 
stage. This may also permit the blades 34" to be shorter, 
signi?cantly reducing levels of parasitic centrifugally 
induced radial load for the second fan-turbine rotor assembly 
24b". These characteristics alloW this embodiment to operate 
at higher mechanical speeds, and therefore provide higher fan 
pressure ratios as compared to the second embodiment. Addi 
tionally, in this embodiment, the use of the inter-turbine com 
bustor 130 could maintain maximum temperatures in the 
annular combustor 3 0" and the inter-turbine combustor 130 at 
temperatures loW enough to alloW a near Zero turbine cooling 
and leakage turbine, Which Would provide thrust speci?c fuel 
consumption bene?ts. 
[0032] FIG. 6 illustrates a tip turbine engine 10"‘ according 
to a fourth embodiment of the present invention. To the extent 
not otherWise speci?ed, the components of the tip turbine 
engine 10"‘ are similar to those in the third embodiment and 
function similarly. To the extent the similar components of the 
tip turbine engine 10"‘ are described With respect to FIG. 6, 
they are designated With the same reference numerals as 
before With a triple prime designation added. The fourth 
embodiment provides a Way of increasing the overall pres sure 
ratio of the turbine engine 10"‘. In this embodiment, the 
available Work from the second turbine 32b'" is split betWeen 
driving a loW pressure axial compressor 122 and the second 
fan-turbine rotor assembly 2419'". A second planetary gearbox 
assembly 190, similar to gearbox assembly 90"‘, has a sun 
output shaft 192 Which drives a compressor rotor 146 in the 
loW pressure axial compressor 122. In this embodiment, the 
overall pressure ratio can be boosted by a factor of about 3.5 
(for example). For subsonic applications, the optimum match 
may suggest that boosting the overall pressure ratio through 
the loW pressure axial compressor 122, With reduced empha 
sis on augmenting the fan pressure ratio, is desirable. For 
higher speed applications, Which may place greater emphasis 
on a balance betWeen speci?c thrust and thrust speci?c fuel 
consumption, loWer levels of overall pressure ratio With 
higher fan pressure ratios may be preferred. Boosting the 
pressure ratio prior to entering the core air?oW passages 80'" 
in the holloW fan blades 28'" has an additional bene?t of 
reducing the physical ?oW area required for the core air?oW 
passages 80'" Within each holloW fan blade 28"‘. This may 
result in a reduced thickness to chord ratio for the ?rst fan 
turbine rotor assembly 2411'", or in reduced chord. Either 
result may improve the fan stage aerodynamic e?iciency. 
[0033] In accordance With the provisions of the patent stat 
utes and jurisprudence, exemplary con?gurations described 
above are considered to represent a preferred embodiment of 
the invention. HoWever, it should be noted that the invention 
can be practiced otherWise than as speci?cally illustrated and 
described Without departing from its spirit or scope. 

1. A turbine engine comprising: 
a ?rst fan having a ?rst plurality of fan blades rotatably 

driven about an axis in a ?rst rotational direction by a 
?rst turbine at an outer circumference of the ?rst fan; and 
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a second fan having a second plurality of fan blades rotat 
ably driven about the axis in a second rotational direc 
tion by a second turbine at an outer circumference of the 
second fan, the second rotational direction being oppo 
site the ?rst rotational direction. 

2. The turbine engine of claim 1 further comprising an axial 
compressor having a ?rst plurality of compressor blades 
rotatably driven by the ?rst fan. 

3. The turbine engine of claim 2 Wherein the axial com 
pressor further includes a second plurality of compressor 
blades rotatably driven by the second fan. 

4. The turbine engine of claim 3 Wherein the ?rst plurality 
of compressor blades is rotatably driven in the ?rst rotational 
direction and the second plurality of compressor blades is 
rotatably driven in the second rotational direction. 

5. The turbine engine of claim 3 Wherein at least one of the 
?rst plurality of fan blades de?nes a compressor chamber 
extending radially therein, Wherein rotation of the at least one 
of the ?rst plurality of fan blades provides centrifugal com 
pression of core air?oW. 

6. The turbine engine of claim 5 Wherein the axial com 
pressor compresses core air?oW leading into the compressor 
chamber, Wherein the compressed core air?oW is then further 
compressed in the compressor chamber. 

7. The turbine engine of claim 5 further including at least 
one combustor proximate an outlet of the compressor cham 
ber, the core air?oW from the compressor chamber being 
mixed With fuel and ignited in the combustor to produce a 
high-energy gas stream that drives the ?rst turbine and the 
second turbine. 

8. The turbine engine of claim 1 further comprising an axial 
compressor having a plurality of stages of ?rst compressor 
blades rotatably driven by the ?rst fan in the ?rst direction, the 
axial compressor further including a plurality of stages of 
second compressor blades alternating With the plurality of 
stages of ?rst compressor blades, the second compressor 
blades rotatably driven by the second fan in the second direc 
tion. 

9. The turbine engine of claim 8 further including a com 
bustor generating a high-energy gas stream to rotatably drive 
the ?rst turbine and the second turbine. 

10. A turbine engine comprising: 
a ?rst fan having a ?rst plurality of fan blades rotatably 

driven in a ?rst rotational direction by a ?rst turbine at an 
outer circumference of the ?rst fan, at least one of the 
?rst plurality of fan blades de?ning a compressor cham 
ber extending radially therein, Wherein rotation of the at 
least one of the ?rst plurality of fan blades provides 
centrifugal compression of core air?oW carried in the 
compressor chamber; and 

a second fan doWnstream of the ?rst fan, the second fan 
having a second plurality of fan blades rotatably driven 
in a second rotational direction opposite the ?rst rota 
tional direction. 

11. The turbine engine of claim 10 further comprising an 
axial compressor having a ?rst plurality of compressor blades 
rotatably driven by one of the ?rst and the second fans. 

12. The turbine engine of claim 11 Wherein the axial com 
pressor further includes a second plurality of compressor 
blades adjacent the ?rst plurality of compressor blades, the 
second plurality of compressor blades rotatably driven by the 
other of the ?rst and second fans. 

13. The turbine engine of claim 10 further including at least 
one combustor proximate an outlet of the compressor cham 
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ber, the combustor generating a high-energy gas stream to 
rotatably drive the ?rst turbine. 

14. The turbine engine of claim 13 further including a 
second turbine at an outer circumference of the second fan, 
the second turbine rotatably driving the second fan in the 
second rotational direction. 

15. A turbine engine comprising: 
a combustor generating a high-energy gas stream; 
a ?rst fan having a ?rst plurality of fan blades extending 

radially outWardly and rotatable about an axis; 
a ?rst turbine at an outer periphery of the ?rst fan, the ?rst 

turbine rotatably driven in a ?rst rotational direction by 
the high-energy gas stream from the combustor, the ?rst 
fan thereby rotatably driven in the ?rst rotational direc 
tion by the ?rst turbine; and 

a second turbine rotatably driven by the high-energy gas 
stream. 

16. The turbine engine of claim 15 Wherein the second 
turbine is doWnstream of the ?rst turbine. 

17. The turbine engine of claim 15 Wherein the second 
turbine is driven in a second rotational direction opposite the 
?rst rotational direction. 

18. The turbine engine of claim 17 Wherein the second 
turbine is mounted to an outer periphery of a second fan 
having a second plurality of fan blades, the second fan rotat 
ably driven in the second rotational direction by the second 
turbine. 

19. The turbine engine of claim 15 further including an 
axial compressor having a ?rst plurality of compressor air 
foils rotatably driven by one of the ?rst turbine and the second 
turbine. 

20. The turbine engine of claim 19 further including a 
second plurality of compressor airfoils rotatably driven by the 
other of the ?rst turbine and the second turbine. 

21. The turbine engine of claim 20 Wherein the second 
turbine is driven in a second rotational direction opposite the 
?rst rotational direction. 
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22. The turbine engine of claim 20 Wherein the second 
plurality of compressor airfoils are alternately spaced axially 
from the ?rst plurality of compressor airfoils. 

23. The turbine engine of claim 20 Wherein all of the 
second plurality of compressor airfoils are spaced axially aft 
of all of the ?rst plurality of compressor airfoils. 

24. The turbine engine of claim 15 Wherein the combustor 
is a ?rst combustor, the turbine engine further including a 
second combustor betWeen the ?rst combustor and the second 
turbine. 

25. A turbine engine comprising: 
a ?rst combustor generating a ?rst high-energy gas stream; 
a ?rst fan having a ?rst plurality of fan blades extending 

radially outWardly and rotatable about an axis; 
a ?rst turbine at an outer periphery of the ?rst fan, the ?rst 

turbine rotatably driven in a ?rst rotational direction by 
the ?rst high-energy gas stream, the ?rst fan thereby 
rotatably driven by the ?rst turbine; 

a second combustor generating a second high-energy gas 
stream; and 

a second turbine rotatably driven by the second high-en 
ergy gas stream. 

26. The turbine engine of claim 25 Wherein the second 
turbine is rotatably driven by a combination of the ?rst high 
energy gas stream and the second high-energy gas stream. 

27. The turbine engine of claim 26 Wherein the second 
turbine rotatably drives a second fan having a secondplurality 
of fan blades. 

28. The turbine engine of claim 25 Wherein the second 
turbine drives a second plurality of compressor airfoils in an 
axial compressor. 

29. The turbine engine of claim 28 Wherein the ?rst turbine 
drives a ?rst plurality of compressor airfoils. 

30. The turbine engine of claim 29 Wherein the ?rst plural 
ity of compressor airfoils are in the axial compressor. 

* * * * * 


